The relationship between the antibacterial activity and structure of 9-O,9
The relationship between the antibacterial activity and structure of 9-O,9
0 -O-demethyl (+)-virgatusin (Virg 3) was examined. The conversion of hydroxy groups on the 9 and 9 0 positions to amino groups increased the activity. It was found that the 3 0 -methoxy group was more important for higher activity than the 4 0 -methoxy group on the 7 0 -phenyl group, and that the 3,4-methylenedioxy group on the 7-phenyl group was necessary for activity.
Key words: virgatusin; lignan; antibacterial activity Significant research about the antibacterial activity of lignans has been reported. [1] [2] [3] [4] [5] Although lignans are not large compounds, many types of compound and stereochemistry have been reported because of the many types of bonding of the C6-C3 unit. This is the main reason why the relationship between the structure and biological activity of lignans has not been elucidated. The antibacterial activity of tetra-substituted tetrahydrofuran lignan has recently been reported. 6, 7) It was shown that the antifungal activity of (À)-virgatusin (1) 6) and the antibacterial activity of 9-O,9
0 -O-demethyl (+)-virgatusin (Virg 3) 7) resulting from loss of the proton motive force depended on the stereochemistry in these studies. In respect of the stereochemistry, the (7S,7 0 R,8S,8 0 S) form is necessary for antifungal activity, while the (7R,7 0 S,8R,8 0 R) form is important for antibacterial activity. The relationship between the antifungal activity and the structure of (À)-virgatusin has also been clarified, showing the 3 0 -methoxy group not to be important for higher activity, but the 9-and 9 0 -methoxy groups and 7-(3,4-metylenedioxy) group to be important.
6) The important structural factor for antibacterial activity is therefore examined in this present study. Similar compounds having activity to multidrug-resistant human ovarian cancer cells have been isolated. 8) A study on the structure-activity relationship is important to prepare a photoaffinity probe to identify the receptor and the develop new medicines and pesticides.
This article describes the relationship between the antibacterial activity of 9-O,9
0 -O-demethyl (+)-virgatusin (Virg 3) and the structure. To achieve this, 9-O,9
0 -Odemethyl (+)-virgatusin derivatives synthesized by the previously described method 9) were employed ( Fig. 1 ). It has been assumed that hydrophilic groups would be necessary at the 9 and 9 0 positions because of the lack of activity of (+)-virgatusin (2) in the previous study. 7) In this study, the activity of the 9,9 0 -dicarboxylic acid derivative (Virg 27) and 9,9 0 -diamine derivative (Virg 28) as 9 and 9 0 derivatives was examined. To evaluate the effect of substituents on the phenyl groups at the 7 and 7 0 positions, the activity of Virg 29-41 was tested. The relationship between biological activity and structure of natural lignan was studied by selecting the substituents found in natural lignans. The structureactivity relationship of lignans is complex and many studies are continuing throughout the world. This present study will give new information in this field.
Experimental
All compounds used in this research were synthesized by the method previously described.
9) The numbering of compounds follows the literature for lignans. 10 ) NMR data were measured by a JNM-EX400 spectrometer, EIMS and FABMS data were measured with a JMS-MS700V spectrometer, and optical rotation values were evaluated with a Horiba SEPA-200 instrument. The silica gel used was Wakogel C-300 (Wako, 200-300 mesh). 6) The NMR data agree with those in the literature.
6)
y To whom correspondence should be addressed. T , and Salmonella choleraesuis subsp. choleraesuis JCM 6977 as Gram-negative bacteria. The paper disc method was adopted for evaluating the ability to inhibit the growth of these strains, and the minimum inhibitory concentration (MIC) was determined for each. These strains and the methods used in this study have been previously reported.
11)

Results and Discussion
The antibacterial activities of Virg 27 and Virg 28, in which the 9,9 0 -hydroxy groups of Virg 3 were replaced by carboxylic acid or amino groups, were first examined (Table 1) . Diamino compound Virg 28 showed comparatively strong antibacterial activity against three species of Gram-positive bacteria, as well as one species of Gram-negative bacteria. The MIC value of Virg 28 against B. subtilis was 12.5 mM, the same as that of Virg 3. The activity against S. aureus and L. denitrificans of Virg 28 was higher than that of Virg 3. It is noteworthy that diamino compound Virg 28 had antibacterial activity against Gram-negative bacterium, S. choleraesuis, showing an MIC value of 25 mM. Diol Virg 3 did not show activity against Gram-negative bacteria in our previous study. 7) Dicarboxylic acid compound Virg 27 had no antibacterial activity against either the Grampositive or gram-negative strains used in this study. These results suggest that the higher basicity or nucleophilicity at the 9 and 9 0 positions led to higher activity.
To examine the effect of substituents of the 7 0 -phenyl group on the antibacterial activity, virgatusin derivatives Virg 29, Virg 30 and Virg 32-Virg 35 were each tested ( 0 -(3,4,5-trimethoxyphenyl) group decreased the activity. Although lignans did not show activity against Gramnegative bacteria in our previous study, 7, 11) Virg 30 and Virg 35 each showed weak activity against the Gramnegative bacterium, S. choleraesuis.
To examine the effect of substituents of the 7-phenyl group on the antibacterial activity, virgatusin derivatives Virg 36-Virg 41 were tested. Non of the compounds had antibacterial activity. Just opening the 3,4-methylenedioxy ring to 3,4-dimethoxy (Virg 36) removed the activity. This result suggests that the 3,4-methylenedioxy group on the 7-phenyl group was best for the antibacterial activity. It was critical to be on 7-phenyl group for antibacterial activity.
This study has shown the relationship between the structure and antibacterial activity of 9-O,9
0 -O-demethyl (+)-virgatusin (Virg 3). The 9,9 0 -diamno compound, Virg 28, had higher activity than Virg 3, showing a wider antibacterial spectrum. It was more flexible on the 7 0 -phenyl group than the 7-phenyl group for activity. It became clear that the contribution of the 3 0 -methoxy group to activity was more important than that of the 4 0 -substituent. The compound bearing a methylenedioxy group showed the highest activity as for the substituent on the 7-phenyl group. It has previously been clarified that the (7S,7 0 R,8S,8 0 S)-form, 9,9 0 -methoxy groups and 7-(3,4-methylenedioxy) group were necessary for high antifungal activity, but that the 3 0 -methoxy group was not necessary. On the other hand, the (7R,7 0 S,8R,8 0 R) form, basicity or nucleophilicity on the 9 and 9 0 positions, 3 0 -methoxy group, and 7-(3,4-methylenedioxy) group were important for antibacterial activity. The derivatives having the substituents found in natural compounds were tested in this study. This result will contribute to the use of natural resources containing lignans and also shows one example of the relationship between biological activity and the lignan structure. 
